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ABSTRACT: In wireless sensor network (WSN), many novel architectures, protocols, algorithms and applications
have been proposed and implemented for energy efficiency. The efficiency of these networks is highly dependent on
routing protocols which directly affecting the network life-time. Cluster formation in sensor network is one of the most
popular technique for reducing the energy consumption and expand the lifetime of the sensor network. There are
various cluster formation techniques used in wireless sensor network. In which, Particle Swarm Optimization (PSO) is
simple and efficient optimization algorithm, which is used to form the energy efficient clusters with optimal selection
of cluster head. The comparison is made with the well-known cluster based protocols developed for WSN, LEACH
(Low Energy Adaptive Clustering Hierarchy) and LEACH-C as well as the traditional K-means clustering algorithm. A
comparative analysis shown in the paper and come to the conclusion based on some parameters.
KEYWORDS: Wireless Sensor Network, Energy Efficient Clusters, LEACH, LEACH-C, K-Means, Optimization
algorithm, Particle Swarm Optimization.
I. INTRODUCTION
A Wireless Sensor Networkis a network with a collection of sensor nodes communicating with each other using radio
signals with the purpose of collect, process and communicate data acquired from the physical environment to the
external base station (BS).In WSNs, the sensors are available in large numbers, at low-cost and small in size so they are
able to be employed in wide range of application like industry, science, health care, transportation, civil infrastructure,
and security [5]. Sensor nodes have constrained like processing power, communication bandwidth, and storage space
which required very efficient resource utilization. Sometimes, it is unpractical to frequently change the battery because
the nodes are small in size and it may be deployed in wide areas. Therefore, it is required to save node energy and
prolong the network lifetime by improving the algorithm.
Clustering in wireless sensor network is one of the design methods which is used to manage energy consumption
efficiently by grouping the sensor nodes into clusters which provides network scalability, resource sharing and efficient
use of constrained resources that givesnetwork topology stability and energy saving attributes. Each group of sensors
has a node that act as cluster head which is used to aggregate data from all the sensors of the same cluster and then
transmit it to the base station. So it reduces the overall data needed to transmit it to the base station which affect the
energy consumption and reduce the overall rate of energy consumption.
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Fig. 1. Clustering in wireless sensor network [7]

The fig.1 shows the basic structure of clustering in WSN. In which the cluster head of each group is transmits the data
to the sink node or base station. Several cluster based protocol used for maximizing the sensor network lifetime. The
LEACH (Low Energy Adaptive Clustering Hierarchy) protocol is a distributed cluster-based protocol which finds the
optimal number of clusters in WSNs in order to save energy and enhance the network lifetime. The LEACH does not
guarantee that the desired number of clusters heads is selected and the selected cluster heads are not evenly poisoned
across the network. The LEACH-centralized (LEACH-C) protocol is the improvement of the LEACH protocol which
uses the centralized approach for cluster formation. The K-Means is also one of the technique used for clustering which
is known as unsupervised clustering algorithm.
The optimal selection of the cluster heads with high energy that scattered evenly in the area is the NP-hard problem
(nondeterministic polynomial time) [3]. Hence, evolutionary algorithms is more suitable to solve this types of
problems. The particle swarm optimization (PSO) is one of the evolutionary computing technique that is based on the
behaviour of the social behaviour of a flock of birds. Thus PSO technique is also reduces the energy consumption in
WSNs by selecting the cluster head in optimal way. The paper presents the overview of the LEACH, K-Means and
PSO cluster formation techniques.
II. RELATED WORK
1. Low Energy Adaptive Clustering Hierarchy (LEACH)
LEACH is the distributed cluster-based protocol used for the clustering in WSNs. In LEACH, every sensor node elects
itself with some probability. The algorithm is run periodically and the probability of becoming a cluster head for each
period is chosen to ensure that every node becomes a cluster head at least once within 1/P rounds, where P is the
predetermined percentage of cluster heads [1].
Setup

Steady state

Frame

Round

Time
Fig. 2. LEACH operation [4]

The LEACH protocol operates in rounds in which each round consist two phases which are set-up phase and steady
phase. Setup phase include advertisement phase and cluster set-up phase while steady phase include schedule creation
and data transmission.
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2.LowEnergy Adaptive Clustering Hierarchy- Centralized (LEACH-C)
LEACH protocol provides the distributed cluster formation but it does not guarantee the number of cluster head nodes
selected and the cluster head may be appear in the edge of the network [6]. So the centralized approach which is the
improvement of the LEACH is used for produce better clusters in WSNs. The LEACH-C uses the centralized algorithm
and the same steady state phase as LEACH. In set-up phase of LEACH-C, each node sends information about its
current location and energy level to the base station. Then the base station computes the average node energy and the
node whichever nodes have energy above average energy can be cluster head for the current round. The steady state
phase is same as the LEACH protocol.
3. K-Means
K- Means is known as unsupervised clustering algorithm. Which is most widely used clustering approach that attempts
to find the centre point of cluster by minimizing the distance between points assigned to be within a cluster and at the
centre of that cluster [3].The K-Means applied to partition thenetwork into k-clusters based on the distance between an
elected cluster head and the nodes belong to the same cluster.
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Fig. 3. Flow of clustering in K-Means algorithm [5]

The fig. 3 shows the flowchart of K-Means clustering algorithm in which the arbitrarily k clusters are obtained from the
sensor nodes.
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4. Particle swarm Optimization (PSO)
The PSO is an evolutionary algorithm which is based on the behaviour of flock of birds and the set of potential
solutions are called particles that are initialized randomly. In which each particles flown in multi-dimensional search
space to find the global position. Each particle maintains the best individual position and global position and moves
towards better solution space to result in best fitness value [8][9].
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Fig. 4. Flow of PSO algorithm for Cluster setup [1]

The fig. 4 shows the PSO algorithm for cluster setup WSNs. In which each particles initialized with the position and
velocity value and then according to find the best fitness value to find the optimal selection of cluster head and the
sensor nodes related to that cluster.The operation of theprotocol is based on a centralized control algorithm that is
implemented at the Base Station (BS), which is a node with a large amount of energy supply. This protocol operates in
rounds, where each round begins with a setup phase at which clusters are formed and followed by a steady state. At the
starting of each setup phase, all nodes send information about their current energy status and locations to the BS. Based
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on this information, the BS computes the average energy level of all nodes. The nodes with sufficient energy that are
selected as cluster heads and the nodes with an energy level above the average are eligible to be a cluster head
candidate for this round. Then, the BS runs the optimization algorithm to determine the best cluster heads that can
minimize the cost function.
III. COMPARATIVE ANALYSIS
A comparative analysis of the LEACH, LEACH-C, K-Means and PSO is based on parameters like network lifetime,
energy consumption of sensor nodes and delivery of data to the base station is shown in the table 1.The LEACH gives
the less satisfieable network lifetime compared to the LEACH-C because the cluster head location is sometimes located
nearer to the edge of the network while the LEACH-C gives the improved network lifetime as selection of the cluster
head is performed in centralized manner by the base station. The K-means also gives the better network and less
consumption of energy compared to the LEACH and LEACH-C. Where the PSO selects the location of cluster head in
optimal way. So, it achieves all the parameters and gives the improved network lifetime and energy-efficient clustering
in WSN.
Table 1. Comparison of cluster formation techniques
Parameters
Clustering
Techniques

LEACH

LEACH-C

K-Means

Energy

Lifetime

Consumption

Good

High

Better than

Lower than

LEACH

LEACH

Better than

Lower than

More than

LEAH-C

LEACH-C

LEACH-C

Better
PSO

Data

Network

network
lifetime

Very low

Received by
Base station
Average

Good

More data
delivered

IV. CONCLUSION AND FUTURE SCOPE
There are various cluster formation techniques used in wireless sensor network. This Paper gives the overview of the
several energy efficient cluster formation techniques like LEACH, LEACH-C, K-Means and PSO techniques. By
means of comparative analysis based on parameters which shows that the PSO algorithms gives better network lifetime,
less consumption of energy and more data delivered to the base station compared to the other techniques.The
Performance of PSO search can suffer if the maximum velocity is inappropriately set, which can be improved in future.
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